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Aim. The aim of our study was to investigate the tudor domain-containing protein 7 (TDRD7 ) subcellular
localization, which could be linked to diverse functions of this protein within the cell. Methods. In this study we
employed cell imaging technique for detecting TDRD7 subcellular localization, Western blot analysis of
HEK293 cell fractions with anti-TDRD7 monoclonal antibodies and bioinformatical search of possible TDRD7
isoforms in Uniprot, Ensemble, UCSC databases. Results. We have observed specific TDRD7-containing
structures in cytoplasm as well as in the nucleus in HEK293 cells. The Western blot analysis of subcellular
fractions (cytoplasm, mitochondria, nucleus) allowed us to detect three lower immunoreactive bands, with the
aproximate molecular weight of 130, 110 and 60 kDa (we termed them as TDRD7b, TDRD7g and TDRD7d) and
specific subcellular localization. The bioinformatical analysis of TDRD7 primary structure allowed us to
determine two alternative transcripts from TDRD7 gene coding for proteins with calculated molecular weight of
130 and 60 kDa. Conclusion. The presented data demonstrate the existence at protein level of potential TDRD7
isoforms: TDRD7b, TDRD7g and TDRD7d. The expression profile of these splice variants and their role in cells
remains to be elucidated. 
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Introduction. Cell growth is a complex and at the same 
time tightly coordinated process. It requires the presen- 
ce of different stimulatory molecules and sufficient
quantities of nutrients, an appropriate work of transla-
tional apparatus and consistent cytoskeleton dynamics
[1]. The key regulators of cell growth are mTOR and
ribosomal protein S6 kinases (S6Ks), involved in the
PI3K-mTOR signaling pathway. The activity of S6Ks
and mTOR is regulated by phosphorylation/dephos-
phorylation events and requires different protein-pro-
tein interactions either with up-stream effectors or with
specific substrates, which are facilitated/regulated by
scaffold proteins [2]. 
One of a such possible regulators  is TDRD7 (tudor
domain containing 7) protein, referred also as PCTAI-
RE2BP (PCTAIRE2 binding protein) or Trap (tudor
repeat associator with PCTAIRE 2) or KIAA1529. Re-
cently it was identified by yeast  two-hybrid system as a
S6K1-binding partner [3]. TDRD7 is a scaffold protein
with molecular weight of about 130 kDa (160 kDa in
SDS-PA-GE), first detected in a complex of Ser/Thr
PCTAIRE2 kinase [4]. TDRD7 was found to associate
with proteins which regulate microtubule dynamics,
mRNA transport and protein translation apparatus, and
thus could indirectly affect the mTOR/S6K signaling
pathway. It is a member of the tudor domains containing
proteins group, highly enriched in germ cells and in-
volved in the formation of polar/germinal granules (or
nuage), the electron-dense organelles, abundant in RNA
and proteins, crucial for spermatogenesis and some of
small RNA pathways in the germline of many orga-
nisms [5, 6].
In human cells TDRD7 is predominantly expressed 
in brain and testis [4]. The TDRD7 gene is conserved in 
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chimpanzee, dog, cow, mouse, rat, chicken, and zebra-
fish. The gene consists of 18 exons and its nucleotide
sequence in human displays 80–99 % identity with Mus 
musculus, Rattus norvegicus, Canis familiaris, Pan tro-
glodytes (www.genecards.org). It has been reported re-
cently that human TDRD7 mutations result in the cata-
ract formation via misregulation of specific develop-
mentally critical lens transcripts, and the TDRD7 null
mutant mice develop cataract as well as glaucoma, the
latter defined by elevated intraocular pressure (IOP)
and optic nerve damage [7].
It was shown that in HeLa, COS7 cells TDRD7 is
observed in the cytoplasm: it may localize on the peri-
phery of mitochondria through electrostatic interaction
and together with some other members of tudor-family
(TDRD1/MTR-1, TDRD6) specifically localized in nua-
ge (chromatoid body), which contains Dicer and mic-
roRNAs, suggesting that this structure is involved in a
microRNA pathway and form a ribonucleoprotein com-
plex in spermatids [4, 8–10]. It was also reported that
after overexpression of TDRD7 in COS7 cells  a small
portion of this protein was detected in nucleus [11]. 
According to the recent data, in cytoplasm TDRD7
is involved in complexes with ik3/Cables, a cyclin-de-
pendent kinase binding protein, and with TACC1-
chTOG-Aurora kinase A, which could control mRNA
movement depending on microtubule organization in the
establishment or maintenance of cell polarity [11–13]. 
An essential feature of TDRD7 is the presence of
Tudor repeats, which form a conserved 60-amino acid
large domain, initially described in proteins associated
with nucleic acids [14–16]. The structural analysis of
the Tudor fold reveals a barrel-like structure composed
of b-sheets forming a hydrophobic pocket surrounded
by negatively charged residues that more likely con-
stitute a protein-protein interaction surface [14, 17]. It
has been established recently, that Tudor domains are
specialized in  specific recognition of methylated lysine
or methylated arginine residues, and are involved in va-
rious epigenetic functions, such as chromatin remode-
ling through histones demethylation, and RNA proces-
sing  via regulation mRNA splicing machinery and
RISC activity [14, 18–20]. Moreover, it is suggested that
a possible function of Tudor domain repeats in proteins,
which carry out several such motives in their structure, is
to act like chaperones and assemble molecules that as-
sociate with each Tudor domain into macromolecular
complexes [8, 21].
The bioinformatical studies performed recently al-
lowed identification and description of new domains in
the N-terminal region of TDRD7, named LOTUS
(Limkain, Oskar and Tudor containing proteins 5 and 7)
[22]. TDRD7 has three such domains: LOTUS 1 (1–
115 aa), LOTUS 2 (160–315 aa) and LOTUS 3 (335–
420 aa). LOTUS domains are non-conserved (17–30 %
homology) globular structures found in various pro-
teins from metazoans and plants. They are often as-
sociated with RNA-specific modules and are likely to
adopt a winged helix fold, but the exact molecular role
of LOTUS domain remains to be discovered. 
The involvement of TDRD7 in different cellular
complexes and its role in specific classes of RNA trans- 
port, processing, translation regulation, microtubule or-
ganization, indicate the importance of TDRD7 func-
tions in cell and the necessity of further investigation. 
Recently, a potential link between the mTOR/S6K
signaling pathway and TDRD7 has been established, as 
far as this protein has been found among S6K1 partners
in yeast two-hybrid screen [3]. In this study, we present 
the data indicating the existence of potential novel
TDRD7 isoforms termed TDRD7b, TDRD7g and
TDRD7d. All these forms are shorter than the main
TDRD7a (160 kDa) form and possess molecular
weight of 130, 110 and 60 kDa correspondingly. 
We have observed a different subcellular locali-
zation of the TDRD7 variants by Western blot analysis
of HEK293 cellular fractions. According to our data
TDRD7a and TDRD7b isoforms predominantly exis in 
cytosol, TDRD7g in mitochondrial and TDRD7d in nuc- 
lear fractions respectively. These data are in agree-
ment with the results of confocal study indicating the
presence of TDRD7 not only in cytoplasm, but also in
nucleus. 
Materials and methods. Bioinformatics. A new
TDRD7 splice variant was identified using Uniprot (www.
uniprot.org) and Ensemble (www.ensembl.org) databa-
ses and ASAP program [23]. This web-tool is based on
an automated method for discovering human tissue-spe-
cific regulation of alternative splicing through a geno-
me-wide analysis of expressed sequence tags (ESTs)
that involves classifying human EST libraries according
to tissue categories and Bayesian statistical analysis.
460
SKOROKHOD O. M., GUDKOVA D. O.,  FILONENKO V. V.
 The BLAST analysis for 290–411 aa fragment (F2) 
of TDRD7 was performed using BLAST Network Ser-
vice on ExPASy (http://web.expasy.org) and SCANPS
(Similarity searches using Barton’s algorithm – http://
www.ebi.ac.uk).
Western blot analysis. Сell lysate was prepared in a
lysis buffer containing 20 mM Tris-HCl, pH 7.5,
150 mM NaCl, 1 % Triton X-100, 50 mM NaF, 1 mM
EDTA, and a mixture of protease inhibitors (Roche Mo-
lecular Diagnostics). A portion of total lysate (40 µg)
was separated by SDS-PAGE and immunoblotted with
anti-TDRD7 antibodies as described previously [24].
Secondary HRP-labelled anti-mouse antibodies were
from «Cell Signaling» (USA).
Cell culture and immunocytochemistry. HEK293
cells were obtained from the American Type Culture
Collection and maintained in DMEM supplemented
with 10 % fetal bovine serum («HyClone», UK), peni-
cillin (200 U/ml) and streptomycin (200 mg/ml). For
immunofluorescent staining HEK293 cells were grown 
in tissue culture chambers («Nunc», Denmark), fixed
with 3.7 % formaldehyde in PBS, and permeabilized
with PBS-T (0.2 % Tween-20) three times for 5 min.
Unspecific binding was blocked by 45 min incubation
of cells with 5 % FBS diluted in PBS-T. Afterwards
staining with primary and secondary antisera was per-
formed as described previously [25], anti-mouse Ale-
xa-Fluor 546-conjugated secondary antibodies were
from «Invitrogen» (USA). Fluorescently labelled pro- 
teins were visualized with a Zeiss LSM510 confocal
microscope, and the images were analyzed using the
LSM510 image browser software [26]. Nuclei were
stained with Hoechst 33258 («Sigma», USA). 
Isolation and preparation of cell fractions. Cell
fractions were obtained using different centrifugation
conditions according to the protocol [27]. Briefly, HEK 
293 cells were washed with phosphate buffered saline
two times. Cells were scraped in 400 µl ice-cold IB-1
buffer (225 mM manitol, 75 mM sucrose, 30 mM
Tris-HCl, pH 7,4, and 0,1 mM EGTA), homogenized
and then centrifuged at 600 g for 5 min at 4 °C. The
pellet, which contains nuclear fraction was freezed and
stored at –20 °C. Supernatant was collected and centri-
fuged at 7000 g for 10 min at 4 °C. Supernatant was
separated, freezed and stored at –20 °C. The pellet
(containing mitochondrial fraction) was gently resus-
pended with IB-2 buffer (225 mM manitol, 75 mM suc- 
rose, 30 mM Tris-HCl, pH 7,4), frozen at –20 °C.
Results and discussion. Previous molecular clo-
ning of TDRD7 fragments allowed us to develop speci-
fic monoclonal antibodies against this protein directed to 
290–411 aa part of TDRD7 [23]. This fragment contains
a part of LOTUS domain identified recently using the
sequence profile analysis. BLAST Network Service on
ExPASy and SCANPS for this amino acid sequence re-
vealed the presence of this fragment exclusively in
TDRD7 protein in human cells. 
It has been already demonstrated that TDRD7 is
localized on the mitochondria outer membrane and in
cytoplasmic structures called chromatoid bodies [5, 6].
We employed an immunofluorescent-confocal micro-
scopy and anti-TDRD7 (E6) monoclonal antibody for
more precise studying TDRD7 intracellular localizati-
on. The data of confocal studies (Fig. 1, see inset) in-
dicate  that a red fluorescent signal corresponding to
TDRD7 was detected not only in the cytoplasm, but in
the nucleus as well. Especially strong TDRD7 positive
signal was observed in the perinuclear zone and in the
region of mitotic spindle formation (marked with ar-
rows). These data show that some fraction of endoge-
nous TDRD7 is present in the nucleus of wild HEK293
cells, the fenomenon, which has been observed previ-
ously only for COS7 cells overexpressing TDRD7 [11]. 
To get an additional evidence supporting the TDRD7
nuclear localization we have performed a subcellular
fractionation of HEK293 cells with subsequent Western
blot analysis. Surprisingly, we have detected the presense
of not only 160 kDa TDRD7 protein band (TDRD7a),
but also additional bands of about 130 kDa (TDRD7b) in
cytosolic fraction. At the same time protein bands of
110 kDa (TDRD7g) and 60 kDa (TDRD7d) recognized
by TDRD7 mAbs were detected in mitochondrial and
nuclear fractions (Fig. 2). These data indicate  the existen- 
ce of additional isoforms of TDRD7 named as TDRD7b,
TDRD7g and TDRD7d correspondingly. 
To analyse a possibility of TDRD7 isoforms exi-
stence we made an extensive bioinformatical analysis.
The performed search  confirmed the presence of only
one gene coding for TDRD7 in the mammalian ge-
nome. However, the screening of UniProt and En-
semble databases led to the identification of two alter-
native TDRD7 transcripts (short and long) with open
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reading frame coding for hypothetical 130 and 60 kDa
TDRD7 isoforms. The sequence analysis revealed the
absence of exon 2 in the long transcript and several
exons (1–9, 11) in the short one. Fig. 3, а, shows the in-
tron/exon boundary of known TDRD7 form (TDRD7a)
and new splicing variants. The existence of possible
TDRD7 alternative transcripts was further confirmed
with ASAP program and UCSC database (http://geno
me.ucsc.edu/).
Analysing the data received we may predict  that
TDRD7b detected by Western blot analysis represents
130 kDa TDRD7 isoform expressed from the long alter-
native TDRD7 transcript revealed by bioinformatical
search. The short alternative TDRD7 transcript (Fig. 3)
coding for 60 kDa protein represents different from
TDRD7d  isoform with similar molecular weight.  The
specific epitope for anti-TDRD7 mAbs (290– 411 aa)
used in WB is absent in the short transcript protein
product (Fig. 3). 
In UCSC database there are some TDRD7 EST clo- 
nes corresponding to the protein, which contains N-ter- 
minal sequences and lacks the C-terminal sequence of
TDRD7. Hence, it is possible that the predicted
TDRD7d is a product of specific C-terminal splicing of
TDRD7a. However, additional studies should be per-
formed to analyse either they represent just fragments
of known TDRD7a or novel isoforms of TDRD7.
Taking together, our results demonstrated the pos-
sible existence of novel isoforms of TDRD7 named
TDRD7b, TDRD7g and TDRD7d, which are charac-
terized by different subcellular localization. But etc.,
an additional research, and first of all PCR analysis of
cDNA from HEK293 cells, has to be performed to pro-
ve that the identified protein bands represent novel
TDRD7 isoforms. Moreover, the screening of the
TDRD7 isoforms in different cell lines and tissues at
RNA and protein levels is necessary to determine the
physiological importance of the new isoforms. The pre- 
sence of N-terminal LOTUS domains which can bring
TDRD7 into the complexes with RNA-protein modu-
les could explain the appearence of TDRD7d isoform
in perinuclear and nuclear zones. Using a panel of
TDRD7 siRNAs or shRNAs it would be possible to
get an additional evidence of novel TDRD7 isoform
existence. 
Conclusions. In summary, we have provided evi-
dence for the existence of  novel, most probably alter-
natively spliced isoforms of TDRD7, named TDRD7b,
TDRD7g and TDRD7d. According to the confocal mic- 
roscopy studies and Western blot analysis of subcel-
lular fractions of HEK293 cells we have suggested the
presense of TDRD7b isoform in cytoplasm (together
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Fig. 3. Bioinformatic analysis indicates the existence of potential splicing isoforms of TDRD7 protein: a – alternative transcripts of the human
TDRD7 gene predicted by UniProt and Ensemble (1 – main form; 2 and 3 – splice variants). The existence of 2 potential splice variants of TDRD7
mRNAs is indicated (2 and 3). Introns are shown as lines and exons are shown as boxes; b – schematic presentation of domain organization in
splicing forms of TDRD7
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Fig 2. TDRD7 isoforms detected in different subcellular fractions of
HEK293 cells. HEK293 cells were lyzed  and subcellular fractions we- 
re obtained using different centrifugation conditions and manitol accor-
ding to the protocol [25]. All forms of TDRD7 are presented in total cell
lysate; TDRD7a (160 kDa) and TDRD7b (130 kDa) only in cytosolic
fraction, while TDRD7g (110 kDa) in mitochondrial and TDRD7d
(60 kDa) in nuclear fractions respectively 1 – cytoplasm; 2 – mitochond- 
ria; 3 – nucleus; 4 – total cell lysate
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Fig. 1. TDRD7 localization in
HEK293 cells. Cells were fi-
xed with 3.7 % formaldehyde
and stained with anti-TDRD7
antibodies as secondary anti-
bodies Alexa-Fluore 546-con-
jugated anti-rabbit antibodies
were used (a); nuclei were stai-
ned with Hoechst (b).  Picture
(c) represents a merge of sig-
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Рис. 6. Клас те ри дофамінергічних не й ронів (ДФ) у моз ку D. melanogaster: а – схе ма розміщен ня клас терів ДФ нейронів у моз ку: PAL –
protocerebral anterior lateral; PPM – protocerebral posterior medial; VUM – ventral unpaired medial; PPL – protocerebral posterior lateral [26,
27]; б–д – Z-про екція серії зоб ра жень тка ни ни моз ку 23-ден них осо бин після іму но логічної де текції ан титілами anti-TH, одер жа них на
кон фо каль но му мікрос копі (б – ди кий тип, ´  20; в – ди кий тип, ´  40; г – му тант 72-7, ´  20;  д – му тант 72-7, ´  40); кількість ДФ не й ронів ос-
нов них клас терів го лов но го моз ку D. melanogaster: е – три ден них;  є – 21-ден них осо бин (1 – лінія Oregon; 2 –  swsolfE; 3 –  76-15)
Fig. 1  to article by Skorokhod O. M. et al.
Fig. 6 to article by Mohylyak I. I. et al.
463
IDENTIFICATION OF A NOVEL TDRD7 ISOFORMS
with the canonical TDRD7a form), TDRD7g in mito-
chondrial and TDRD7d in nuclear fractions respecti-
vely. The expression profile of these splice variants and 
their role in cells remain to be elucidated. 
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О. М. Ско ро ход, Д. О. Гуд ко ва, В. В. Філо нен ко
Ви яв лен ня но вих ізо форм TDRD7
Дер жав на клю чо ва ла бо ра торія мо ле ку ляр ної і клітин ної біології
Інсти тут мо ле ку ляр ної біології і ге не ти ки НАН Украї ни
Вул. Академіка За бо лот но го, 150, Київ, Украї на, 03680 
Ре зю ме
Мета. Мета досліджень по ля га ла у вив ченні внутрішньоклітин-
ної ло калізації TDRD7, що може бути по в’я за но з різни ми функ-
ціями да но го білка в кліти нах. Ме то ди. Зас то со ва но ме тод іму -
но ци тохімії для де текції суб клітин ної ло калізації TDRD7, вес -
терн-блот аналіз клітин них фракцій НЕК293 з ви ко рис тан ням
анти-TDRD7 мо нок ло наль них ан титіл та біоінфор ма тич ний по -
шук мож ли вих ізо форм TDRD7 у ба зах да них Uniprot, Ensemble,
UCSC. Ре зуль та ти. Спе цифічні TDRD7-вмісні струк ту ри ви яв -
ле но в ци топ лазмі, а та кож у яд рах клітин НЕК293. Іму ноб лот-
аналізом суб клітин них фракцій (ци топ лаз ма, міто хондрії, ядро)
де тек то ва но три іму но ре ак тивні сму ги з мо ле ку ляр ни ми ма са ми 
130, 110 і 60 кДа (ми на зва ли їх TDRD7b, TDRD7g і TDRD7d), які до 
сьо годні не були оха рак те ри зо вані. Біоінфор ма тич ним аналізом
пер вин ної струк ту ри TDRD7 виз на че но два аль тер на тив них
транскрип ти TDRD7-гена, про дук ти транс ляції яких відповіда -
ють двом гіпо те тич ним ізо фор мам, іден тифікованим в іму ноб ло- 
ті (TDRD7b (130 кДа) та TDRD7d (60 кДа)). Вис нов ки. Отри -
мані дані вка зу ють на мож ливість існу ван ня по тенційних ізо -
форм TDRD7: TDRD7b, TDRD7g і TDRD7d  у кліти нах НЕК293 на
білко во му рівні. З’я су ван ня особ ли вос тей експресії та ролі но вих
форм TDRD7 у кліти нах по тре бує под аль ших досліджень. 
Клю чові сло ва: TDRD7, S6 кіназа, ізо фор ма, піРНК, транс ляція.
А. Н. Ско ро ход, Д. О. Гуд ко ва, В. В. Фи ло нен ко 
Иден ти фи ка ция но вых изо форм TDRD7 
Ре зю ме
Цель. Цель ис сле до ва ния со сто я ла в из уче нии внут рик ле точ ной
ло ка ли за ции TDRD7, что мо жет быть свя за но с раз лич ны ми
функ ци я ми дан но го бел ка в клет ках. Ме то ды. При ме нен ме тод
имму но ци то хи мии для де тек ции суб кле точ ной ло ка ли зации
TDRD7, вес терн-блот ана лиз кле точ ных фрак ций НЕК293 с ис -
поль зо вав ни ем анти-TDRD7 мо нок ло наль ных ан ти тел и би о ин -
фор ма ти чес кий по иск воз мож ных изо форм TDRD7 в ба зах дан-
ных Uniprot, Ensemble, UCSC. Ре зуль та ты. Спе ци фи чес кие
TDRD7-со дер жа щие струк ту ры вы яв ле ны в ци топ лаз ме, а так -
же в яд рах кле ток НЕК293. Имму ноб лот-ана ли зом суб кле точ -
ных фрак ций (ци топ лаз ма, ми то хон дрии, ядро) опре де ле ны три
им му но ре ак тив ные по ло сы с мо ле ку ляр ны ми мас са ми 130, 110 и
60 кДа (мы на зва ли их TDRD7b, TDRD7g и TDRD7d), ко то рые до
на сто я ще го вре ме ни не были оха рак те ри зо ва ны. Би о ин форма-
ти чес ким ана ли зом пер вич ной струк ту ры TDRD7 де тек ти ро ва -
ны два аль тер на тив ных транс крип та TDRD7-гена, про дук ты
транс ля ции ко то рых со от ве тству ют двум ги по те ти чес ким
изо фор мам, иден ти фи ци ро ван ным в им му ноб ло те (TDRD7b (130
кДа) и TDRD7d (60 кДа)). Вы во ды. По лу чен ные дан ные ука зы ва -
ют на воз мож ность су щес тво ва ния по тен ци аль ных изо форм
TDRD7: TDRD7b, TDRD7g и TDRD7d в клет ках НЕК293 на бел ко -
вом уровне. Вы яс не ние осо бен нос тей экс прес сии и роли но вых
форм TDRD7 в клет ках тре бу ет даль ней ших ис сле до ва ний.
Клю че вые сло ва: TDRD7, S6 ки на за, изо фор ма, пиРНК,
транс ля ция.
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